Arsenicitalea aurantiaca gen. nov., sp. nov., a new member of the family Hyphomicrobiaceae, isolated from high-arsenic sediment The family Hyphomicrobiaceae, which was first proposed in 1950, belongs to the class Alphaproteobacteria in the phylum Proteobacteria. This family contains at least 21 genera,
Jianghan Plain is an alluvial plain formed by the Yangtze and Han rivers located in the middle reaches of the Yangtze River (Gan et al., 2014) . High-arsenic groundwater has been found in Jianghan Plain, central China in recent years (Huang et al., 2014; Chen et al., 2016) . The sampling site was located at 30 22¢ 46 † N 113 3¢ 35 † E. A borehole was drilled to a depth of 50.0 m, and the sediment sample was collected from the depth of 42.0 m. The sample mainly consisted of sandy clay. The total arsenic concentration of the sample was 13.3 mg kg
À1 .
An enrichment technique was used to isolate novel bacterial strains with high arsenic resistance from the sediment sample as described previously (Ao et al., 2014; Zeng et al., 2016) . Approximately 1.0 g of the sediment sample was suspended in 10.0 ml of ten-fold diluted trypticase soy broth (TSB; Difco) medium. The mixtures were serially diluted, plated onto 0.1ÂTSB agar amended with 5.0 mM As(V) (Na 3 AsO 4 . 12H 2 O), and incubated at 30 C for a week. Individual colonies were further purified by streaking the bacteria on 0.1ÂTSB agar amended with 5.0 mM As(V). Sequencing of the 16S rRNA genes of the individual bacteria indicated that a novel bacterial strain had been obtained, referred to as 42-50
Bacterial genomic DNA of strain [42] [43] [44] [45] [46] [47] [48] [49] [50] T was isolated using the MiniBEST Bacterial Genomic DNA Extraction Kit version 2.0 (TaKaRa Biotechnology). The 16S rRNA gene was amplified by PCR using the primers 27F and 1541R as described previously . PCR products were gel-purified and cloned into the pMD18-T vector (TaKaRa Biotechnology). Positive clones were sequenced by Genscript (Nanjing, China). Pairwise sequence identities of the 16S rRNA genes were calculated using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) (Luo et al., 2012) . Phylogenetic trees were reconstructed using maximum-likelihood (ML), neighbour-joining (NJ) and maximum-parsimony (MP) methods, implemented in MEGA 6.0 software package as described previously (Tamura et al., 2013) . The topology of the trees was evaluated using the bootstrap resampling method with 1000 replicates.
Cell morphology was observed using transmission electron microscopy as described previously (Jeon et al., 2005) . Motility was examined using the hanging-drop method (Mackie & McCartney, 1989) . Gram staining was performed as described previously (Cao et al., 2014) . Salt tolerance was determined by growing the bacteria in 0.1ÂTSB liquid medium containing different concentrations of NaCl (0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0 %, w/v) . Bacterial growth at different temperatures (4, 10, 20, 28, 30, 35, 37 and 42 C) and different pH values (5.0, 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0) were also examined. Different pH values (5.0-11.0) of the liquid medium were generated using the buffer systems Na 2 HPO 4 /citric acid (for pH 5.0-7.0), Tris/ HCl (pH 8.0-9.0) and Na 2 CO 3 /NaHCO 3 (pH 9.0-11.0), respectively (Suzuki et al., 2001) . Oxidase activity was examined from the oxidation of 1.0 % p-aminodimethylaniline oxalate. Catalase activity was detected by measuring the bubble production after application of 3.0 % (v/v) hydrogen peroxide solution. The ability to hydrolyse starch (1.0 %, w/v), cellulose (0.1 %, w/v), chitin from crab shells (1.0 %, w/v), casein (1.0 %, w/v) and tyrosine (0.5 %, w/v) were also evaluated as described previously (Mesbah & Whitman, 1989) . Other enzyme activities and biochemical features were measured using the API kits (API 20NE, API 20E, API 32GN and API ZYM; bioM erieux) according to the manufacturer's instructions. The DNA G+C content of strain 42-50 T was analysed using HPLC (UltiMate 3000; Dionex) (Minnikin et al., 1984) . Respiratory quinones were measured as described previously (Komagata & Suzuki, 1988) by reversed-phase HPLC. Polar lipids were separated using two-dimensional silica gel TLC. The solutions 5.0 % ethanolic molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol were sprayed onto the plates to detect the total polar lipids, phospholipids, aminolipids and glycolipids, respectively . For analysis of fatty acid methyl esters (FAMEs), the isolate and its closely related type strains of species from the genera Devosia, Youhaiella, Paradevosia and Pelagibacterium were grown on 0.1ÂTSB agar at 30 C for 72 h until the colonies were visible. FAMEs were further prepared and analysed using the Sherlock Microbial Identification System (MIDI).
Cells of strain 42-50
T are Gram-staining-negative, aerobic, rod-shaped, and non-motile ( T were purchased from the China General Microbiological Culture Collection Center (CGMCC) (Nakagawa et al., 1996; Kumar et al., 2008; Wang et al., 2015; Geng et al., 2015) . To better understand the evolutionary relationship between strain 42-50
T and related bacterial species from the genera Devosia, Youhaiella, Paradevosia and Pelagibacterium, phylogenetic trees were reconstructed on the basis of the multiple sequence alignment of the 16S rRNA genes of these bacterial species using maximum-likelihood, neighbour-joining and maximumparsimony methods, respectively (Figs 2, S1 and S2, available in the online Supplementary Material). As shown in Fig. 2 , the molecular phylogeny based on the maximumlikelihood algorithm illustrated that these species were clustered into five distinct groups: three species of the genus Pelagibacterium, including Pelagibacterium luteolum, 'Pelagibacterium nitratireducens' and Pelagibacterium halotolerans, formed a cluster in the tree; the species of the genera Youhaiella and Paradevosia formed two other clusters, respectively; strain 42-50 T fell into the fourth cluster; and 19 species of the genus Devosia were clustered into the fifth branch. The overall topology of the maximum-likelihood tree was essentially the same as that of the neighbourjoining tree or maximum-parsimony tree ( Figs S1 and S2 ). This suggests that strain [42] [43] [44] [45] [46] [47] [48] [49] [50] T is associated with the genera Devosia, Youhaiella, Paradevosia and Pelagibacterium in the
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Microvirga aerophila 5420S-12 T (GQ421848) family Hyphomicrobiaceae; however, it represents a distinct, independent branch, suggesting that it is most likely that strain [42] [43] [44] [45] [46] [47] [48] [49] [50] T is the first species of a novel genus in the family Hyphomicrobiaceae.
The DNA G+C content of the strain 42-50 T is 73.7 mol%. Only ubiquinone-10 (Q-10) was detected as respiratory quinone. Diphosphatidylglycerol, phosphatidylglycerol, and two unknown glycolipids (GL1, GL2) were found to be the major polar lipids in the cells (Fig. S3) . The major fatty acids include C 16 : 0 (24.4 %), C 18 : 1 !7c 11-methyl (28.5 %), summed feature 8 (comprising C 18 : 1 !7c and C 18 : 1 !6c; 16.5 %) and C 18 : 0 (10.5 %) ( Table 1 ).The hydrolysis of aesculin ferric citrate and ONPG of strain [42] [43] [44] [45] [46] [47] [48] [49] [50] T are positive, whereas hydrolysis of starch, tyrosine, casein and riboflavin are negative. Strain 42-50 T produces urease, cytochrome oxidase and catalase, but not arginine dihydrolase, lysine decarboxylase and ornithine decarboxylase. Based on the results of the API 20E and 32GN strip assays, strain 42-50 T and Pelagibacterium halotolerans B2
T for As(V) are much lower, and their resistance to As (III) are nearly undetectable (Table 2 ). The DNA G+C content of strain [42] [43] [44] [45] [46] [47] [48] [49] [50] T is 73.7 mol%, which is significantly higher than those of the reference species from the genera Devosia (59.3 and 64.1 mol%), Pelagibacterium (61.4 mol%), Youhaiella (61.8 mol%) and Paradevosia (63.0 mol%) ( Table 2 ). Ubiquinone-10 (Q-10) is found to be the major respiratory quinone in the cells of strain 42-50 T ; this feature is the same as the type species of genera from the family Hyphomicrobiaceae. As for the polar lipid profiles, strain [42] [43] [44] [45] [46] [47] [48] [49] [50] T and all reference strains contain diphosphatidylglycerol, phosphatidylglycerol, and two unknown glycolipids (GL1, GL2) as major polar lipids. However, strain 42-50 T doesn't contain unknown phospholipids, which are present in the type species of the genera Devosia, Youhaiella and Paradevosia. In addition, a relatively large variety of unknown lipids are present in Pelagibacterium halotolerans B2 T , but is not detected in strain 42-50 T (Fig. S3 ). C 16 : 0 , C 18 : 0 , C 18 : 1 !7c 11-methyl and summed feature 8 (comprising C 18 : 1 !7c and C 18 : 1 !6c) are present in strain 42-50 T as major fatty acids. In addition,C 17 : 0 and C 18 : 1 !9c are also present in moderate abundance. The absence of C 19 : 0 cyclo !8c in strain [42] [43] [44] [45] [46] [47] [48] [49] [50] T distinguishes the novel strain from the phylogenetically related genera Youhaiella, Paradevosia and Pelagibacterium. Strain 42-50 T has 1.9 % C 17 : 1 !8c, which is not detected from the phylogenetically related genera Devosia, Pelagibacterium, Youhaiella and Paradevosia. Furthermore, strain 42-50 T contains C 17 : 0 , which is not present in the strain Pelagibacterium halotolerans B2 T , and it also contains a much higher abundance of C 18 : 0 than Pelagibacterium halotolerans B2 T . The unique chemotaxonomic features strongly suggest that the strain 42-50
T represents a novel genus in the family Hyphomicrobiaceae.
On the basis of phylogenetic, chemotaxonomic and biochemical data, it is concluded that strain 42-50 T represents a novel species of a new genus in the family Hyphomicrobiaceae, for which the name Arsenicitalea aurantiaca gen. nov., sp. nov. is proposed. Kumar et al. (2008) .
